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MEENU NAYYAR 
INTRODUCTION 
Osmoregulation is a process that signifies the 
maintenance of amounts of water and specific solutes in 
body compartments within the narrow limits of tolerance. Since 
the cellular metabolism which defines life is possible only 
in a milieu whose ionic and organic solute concentrations are 
relatively consistent, it becomes necessary to elucidate the 
osmoregulatory strategies and the array of mechanisms that 
the organisms have evolved to cope up with the challenges 
imposed by diverse environments. The physiology of regulation 
of salt and water balance in aquatic animals, living in a 
highly divergent environment ranging from salt-rich sea water 
to an extremely salt-deficient fresh water show unique 
adaptive patterns in their respective environment. Despite 
enormous importance of this vital physiological process, it 
is surprising that very little is known as to how different 
animals rectify their osmoregulatory dysfunctions in 
different environmental salinities. 
Fish have flourished in the aquatic environment by 
adopting several strategies to cope up with osmotic varia-
bility of the medium. In some groups of fishes the osmotic 
gradient between the internal and external environment has 
been virtually eliminated either by maintaining electrolyte 
concentration of body fluids almost equal to that of 
seawater, as in hagfishes or by retaining large amounts of 
nitrogenous compounds such as urea and trimethylamine oxide, 
as in marine elasmobranchs (Holmes and Donaldson, 1969). In 
fishes, the osmotic pressure of the intercellular fluid is 
equal to or slightly higher than that of seawater 
corresponding to 357o« total salinity. Even though the 
intercellular fluid has the same osmotic pressure; it 
differs from sea water in ionic composition. Even in these 
fishes, therefore, ionic regulation occurs. Such fishes can 
endure relatively small fluctuations in the osmotic pressure 
of their environment and their distribution is generally 
restricted to sea. 
Teleost fishes thrive in both fresh water and sea 
water and are able to regulate the ionic concentration of 
the internal body fluids within narrow ranges (Potts, 
1968). Two types of fish viz. stenohaline and euryhaline can 
be distinguished regarding tolerance and the regulatory 
processes against the changes in external salinity; while 
euryhaline species can withstand gradual or abrupt transfers 
from freshwater to seawater or vice versa, stenohaline fishes 
are osmotically more conservative with a limited ability to 
tolerate sudden or wide variations in environmental 
salinity. The teleost fishes are hypoosmotic regulators in 
sea water and hyperosmotic regulators in fresh water. The 
maintenance of body fluid concentration different from 
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surrounding medium requires correctional mechanisms 
operating mainly at the level of skin, gills, gut and renal 
apparatus. Teleosts maintain a remarkably constant milieu 
interieur despite a highly divergent aquatic environment 
ranging from salt rich sea water (1000 mOsm.) to an 
extremely salt-deficient fresh water fca 5 mOsm.). A 
strategy, mainly adopted by teleost fishes, Involves 
maintenance of internal osmotic pressure equivalent to one 
third of the salinity of sea water contributed mainly by 
sodium and chloride. Also, isotonicity is not possible in 
fresh water as no animal can exist with low osmotic pressure 
of fresh water in its cells or blood. 
Studies on the osmoregulatory physiology of the 
teleosts have shown that the strategy adopted by a fresh 
water teleost to maintain its osmoionic integrity is 
diagonally opposite to that of its marine counterpart. The 
classical model proposed by Smith (1932) and Krogh (1939) to 
explain osmoregulatory mechanisms operating in fresh water 
and marine teleost fishes is still essentially valid. In 
fresh water teleost fishes, water entering by osmosis has to 
be continually eliminated with minimal loss of salts. 
Formation of large quantities of dilute urine is, therefore, 
a characteristic feature of fresh water fishes. The ionic 
loss is made up principally by branchial uptake of salts 
from the environment against a concentration gradient and to 
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some extent, from the ingested food material. Thus, the 
kidney and the gills are the principal organs in maintaining 
homeostasis in fresh water teleost fishes. In contrast, 
marine teleost fishes combat osmotic dehydration by drinking 
sea water from which water with monovalent and some divalent 
ions is absorbed through the gut leaving behind most of the 
divalent ions to be excreted along with the faecal matter. 
The extra salt load due to influx through the gills and 
absorption from the gut is excreted by the kidney in the 
form of highly concentrated urine as well as through 
extrarenal pathways, principally the gills. Thus, in marine 
teleosts osmo-ionic balance is maintained by the 
co-ordination between the gastrointestinal tract and the 
renal and branchial complex. 
Among teleost fishes, ability to survive in 
environments of different salinities vary from species to 
species. These fishes respond to osmotic stress of the 
environment according to their capacity of tolerance to the 
osmotic load. Euryhaline fishes, which can regulate their 
body fluid composition within narrow limits even in 
extremely divergent environmental salinities, include 
migratory as well as non-migratory species. In contrast, 
stenohaline fishes have only a limited capacity to withstand 
fluctuations in ambient salinities and include species 
endemic to fresh water as well as sea water. A perusal of 
literature reveals that much of the information on 
osmoregulatory physiology of teleost fishes is based on 
euryhaline species because of their capacity to adapt 
successfully when subjected to sudden or radical changes in 
the environmental salinities. In contrast, stenohaline 
fishes, with only a limited range of salinity tolerance, 
have been studied only sporadically even though they 
constitute a majority of the extant teleost species in fresh 
water as well as in the sea.. The available information on 
stenohaline fishes is mostly confined to goldfish, Carassius 
auratus (Lahlou et al . 1969a; Porthe'- Nibelle and Lahlou, 
1974), the channel catfish, Ictalurus punctatus (Perry, 
1967; Perry and Avault, 1968; Allen and Avault, 1971; Norton 
and Davis, 1977), some species of the genus Serranus (Motais 
et al., 1965, 1966, 1969), the barred surfperch, 
Amphistichus aroenteus (Holmes and Lockwood, 1970) and the 
carp, Cyprinus carpio (Hegab and Hanke, 1984). 
The adjustment of the internal milieu of teleost 
fish during acclimation of the fish to the altered salinity 
appears to be multihormonal regulation. Even though large 
number of endocrine glands have been implicated to varying 
extent in the osmoregulatory adjustment of fishes, Cortisol, 
the main adrenocorticosteroid in fish and prolactin, an 
adrenohypophysial hormone are mainly responsible in the 
osmoionic balance in fishes (Dharmamba, 1970; Dharmamba and 
Maetz, 1972, 1976; Dharmamba et al . , 1973; Loretz, 1979; 
Assem and Hanke, 1981). It is generally believed that 
prolactin and Cortisol act antagonistically on the osmotic 
adjustment in euryhaline teleosts. The former is considered 
important for the acclimation from higher to lower salinity 
whereas latter is necessary for the acclimation in higher 
salinities (Bern, 1975; Chester Jones et al . , 1980). 
Cortisol is not only most abdundant but also 
biologically most active corticosteroid in fish (Idler and 
Truscott, 1972; Lealoup and Hatey, 1964). The role of 
Cortisol in teleost fish as major hyperosmotic regulatory 
hormone has been extensively reviewed (Butler, 1973; 
Chester Jones et al . , 1974; Henderson and Garland, 1980). 
One of the evidences of the involvement of Cortisol in 
adaptation of the teleost to hyperosmotic environment is a 
significant increase in plasma Cortisol concentration. 
This has been amply demonstrated in variety of teleosts such 
as Fundulus heteroclitus (Pickford et al., 1970), 
Anguil1 a rostrata (Epstein et al., 1971), A. japonica 
(Kamiya, 1972), A. anguilla (Scheer and Langford, 1976), 
Cyprinus carpio (Hegab and Hanke, 1984) and Oreochromis 
mossambicus (Dange, 1986). Further, it is only to be 
expected that adaptation of teleost fish in higher 
salinities must involve energy expenditure to maintain 
homeostasis balance (Wedemeyer et al . , 1984). Environmental 
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stressors have been observed to affect energy metabolism in 
fishes. All the stressors have been associated with 
initiating the primary stress response, release of 
corticotropin and/or catecholamines which has been followed 
by the secondary stress response, alterations of energy 
metabolism at the blood and/or tissue levels (Mazeaud and 
Mazeaud, 1981; Leatherland and Sonstegard, 1984). Included 
in these secondary responses are the development of 
hyperglycemia, tissue glycogen depletion and the stimulation 
of gluconeogenesis (Leatherland and Sonstegard, 1984). 
Even though the actual physiological significance of 
elevated corticosteroid levels in teleost following transfer 
to higher salinities may not be precisely understood, it is 
not unlikely that these steroids may act to mobilize 
energy reserves, enabling the animals to cope with the 
stressors (Vijayan and Leatherland, 1988). In teleosts, the 
use of hypercortisolism and hyperglycemia as an indication 
of stress is well established (Hanke et al., 1966; Black and 
Tredwell, 1967; Fagerlund, 1967; Nakono and Tomlinson, 1967; 
Fryer, 1975; Mazeaud et al., 1977). Cortisol appears to have 
a gluconeogenic action in some species of teleosts, 
mobilizing amino acids and non protein molecules which can 
be then used as substrates for gluconeogenesis (Storer, 
1967; Butler, 1968; Freeman and Idler, 1973; Chan and Woo, 
1978; Leach and Taylor, 1982; Hegab and Hanke, 1984; Davis 
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et a]., 1985; Sheridan, 1986; Sheridan, 1986; Janssens and 
Waterman, 1988; Vijayan and Leatherland, 1989). 
A number of investigators have tried to elucidate 
the role of Cortisol in energy metabolism following its 
exogenous administration. However, most of the studies on 
the role or Cortisol on energy metabolism are based on 
short-term exposure of fish to higher salinities and the 
data on long term experiments is virtually non-existent. 
A perusal of literature on the osmoregulatory 
physiology of teleost fish clearly indicates a species-
specific diversity in the osmoregulatory mechanisms in 
heteroosmotic media. Thus, detailed studies on large number 
of fish are clearly warranted to gain an insight of such 
diversities. Against this backdrop, it is surprising that of 
the existing nearly 2000 fish species inhabiting Indian 
waters, the information on the osmoregulatory physiology, 
with the sole exception of catfish, H. fossil is, is woefully 
inadequate. This existing lacuna prompted us to unravel the 
osmoregulatory mechanism of an important air-breathing 
teleost, CI arias batrachus which is found abundantly in 
native fresh water of India subcontinent. The following 
specific aspects were chosen to be investigated-
a) To establish whether this fish is stenohaline 
or euryhaline by determining its upper 
salinity tolerance limit by abrupt transfer in 
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higher salinities. Also, to find out if 
preadaptation in sublethal salinities 
enhances the upper salinity tolerance limit of 
this fish. 
b) To determine whether survival of this fish up 
to its upper salinity tolerance limit is due 
to active osmoregulation or by passive tissue 
tolerance which may well be revealed by the 
changes in its plasma osmolarity in higher 
salinities. 
c) The role of corticosteroid, principally 
Cortisol, during the adaptation of the fish in 
different salinities. Also, the change in 
plasma Cortisol profile during short and long 
term adaptation of the fish in higher 
salinities. 
d) The changes in the metabolic energetics during 
short and long term adaptation of the fish in 
higher salinities indicated by the changing 
profiles of blood glucose and liver and muscle 
glycogen content. 
e) Finally, is there a causative interrelation-
ship in the changing profiles of plasma 
osmolarity, plasma Cortisol, blood glucose and 
liver and muscle glycogen during adaptation 
process of the fish in higher salinities? 
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It is evident that the data on the above mentioned 
aspects will provide an important insight into the basic 
osmoregulatary mechanism of a fresh water fish which will go 
a long way to create a model to understand the underlying 
osmoionic regulation of a fresh water tropical fish in 
particular. 
2. MATERIALS AND METHODS 
A: Collection and care of fish 
Specimens of Clarias batrachus were obtained from 
the local fish market of Aligarh. They were kept in glass 
aquaria (23 x 10 x 12 cm) containing dechlorinated tap water 
and the lighting schedule at 12 hr of light (08:00 to 20:00 
hr) alternating with 12 hr of darkness (20:00 to 08:00). 
Fish (body-weight 20-50 g) were acclimated to laboratory 
conditions for about 15 days prior to initiation of 
experiments. During this period they were fed ^ libitum on 
alternate days with Hindlever laboratory animal feed 
(Hindustan Lever Limited, Bombay, India) and water in the 
aquarias was renewed daily with aged tap water adjusted to 
the laboratory conditions. 
B: Artificial sea water 
Artificial sea water (SW) was prepared by dissolving 
the following salts in dechlorinated tap water: NaCl, 
400.8 mM; KCl , 9.8 mM; CaCl2, 10.1 mM; MgCl2, 52.7 mM; 
Na2S0,; 27.8 mM; NaHCO-, 2.5 mM and NaBr, 0.6 mM (Goswamt 
et al , 1983). Various dilutions of SW were prepared with 
dechlorinated tap water. 
C: Blood collection and plasma separation 
Blood was collected into heparinized 5 ml. Glass van 
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syringes fitted with 24 gauge disposable needles through the 
caudal artery. Immediately after collection, the blood was 
centrifuged for 10 min. at 3000 rpm in a R24 Remi 
Centrifuge and plasma separated and stored at -20'C until 
used. 
D: Estimations 
(i) PIasma osmolarity 
Plasma osmolarity was determined by Vapour Pressure 
Osmometer (Wescor 5500, Inc, 459 So. Main Street, Logan, 
Utah USA) . 
The instrument was initially calibrated with 290 and 
1000 mmol/kg standards and this calibration was checked 
frequently during estimations. For sample estimation, a 
single sample disc was placed in the central depression of 
the sample holder and 10 xi] of the sample was expelled into 
the sample disc with the help of micropipettor. The sample 
slide was gently pushed fully into the instrument and the 
chamber locking lever was Mocked' to initiate the esti-
mation process. The osmolarity of the specimen was displayed 
on a digital window in mmol/kg. 
(i i ) Plasma Cortisol 
Cortisol levels in plasma were measured by 
Radioimmunoassay (RIA) employing Biodata Cortisol Bridge kit 
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(code 14394 manufactured by Biodata S.p.A., via Tiburtlna 
Valeria km. 19.600, 00122 Guidonia Montecelio) which 
measures Cortisol over the range from 10 to 1000 ng/ml. 
Working Procedure: 
Among the reagents supplied with the kit, Cortisol 
Bridge Coated Tubes were stored either at room temperature 
or at 4°C and Cortisol Bridge Standards were stored at 4''C. 
Both were used directly without any reconstitution. 
Reconstitution of other kit reagents: 
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I-Cortisol Bridge - The freeze-dried powder was 
added into the solution by pushing the red cap and mixed 
gently until its complete solubilization. The solution was 
used 30 min. after reconstitution of tracer. 
Serotest S - The contents of the vial were 
reconstituted with 1 ml distilled water and mixed gently 
until the complete solubilization of the freeze-dried 
powder. After reconstitution, it was stored at 4°C for 2 
days before use. 
Test procedure: 
The reagents were allowed to reach room temperature 
and mixed gently before use. For each assay all the 
standards including B^ (zero standard concentration), 
Serotest and samples were set in duplicate. Fifty jjl of 
lA: 
sample, standard and Serotest were pipetted into the 
respective tubes. Into these tubes as well as total 
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radioactivity tubes 1.0 ml of 1-cortisol was pipetted. 
They were mixed gently using side to side motion and 
incubated for 90 min. at 37°C in water bath. The fluid was 
aspirated and the radioactivity was counted in Gamma counter 
(ECIL, Hydetabad) for at least 1 minute. For total 
radioactivity determination, the tubes were counted after 
tracer addition and before aspiration step. The mean 
radioactivity of these tubes was considered as total 
radioactivity. 
Per cent relative binding of each standard, sample 
and Serotest was calculated with the following equation-
Mean counts (standard, sample or Serotest) . 
• ' • ' - " — • — •'• I — ^ ..I ^ ^ i.ii..I I. • • ^ . .. I . •_ II. . — • - I.. _ — — . .1 • » / \ _1_ 00 
B^ mean counts 
0 = 7„ relative binding 
The dose response curve was drawn (Fig.l) on a 
semil ogarithmic paper by plotting the 7o relative binding of 
each standard (y axis) against the relative concentration 
(x axis) and Cortisol concentrations in plasma samples were 
obtained by interpolation. Cortisol concentration were 
expressed as ng/100 ml. plasma. 
(iii) Plasma glucose: 
Plasma glucose was assayed by the Glucose-0-
Toluidine method. To 0.1 ml of plasma sample and each 
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glucose standard concentrations range from 3-12 mtnol/1, 
3 ml . of 0- toluldlne reagent (1.5gm. of thiourea in 940 ml. 
of glacial acetic acid, with the subsequent addition of 
60 ml . of 0-toluidine when completely dissolved) was added. 
All the tubes were incubated at 100°C in a water bath for 
12 min. After cooling these tubes, the absorbance was 
measured on 630 nm against reagent blank. The standard 
graph was drawn and the plasma glucose concentrations 
obtained in mmol/1 were ultimately converted to mg7o. 
(iv) Glycogen: 
Glycogen, both in muscle and liver was estimated by 
Anthrone Method. The fish was decapitated quickly with least 
stress and liver as well as muscle were excised. The tissue 
was washed in cold saline, quickly blotted between folds of 
moistened filter paper and weighed promptly. The tissue was 
chopped thoroughly followed by the addition of appropriate 
volume of 5% TCA solution. This was thoroughly homogenized 
with the help of motor driven homogenizer (Yorco, India 
RPM-4000) employing nearly ten strokes. The homogenate was 
then centrifuted at 3000 rpm for 10 min. in cold. The 
sediment was rehomogenized with half the volume of TCA and 
again centrifuged in cold. The glycogen was precipitated by 
adding twice the volume of ethanol. The precipitate was 
washed with ethanol and then with ethyl ether. 
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Different volumes (range 0-100 ;ag) of standard 
glucose solution (10 mg/lOO ml) were pipetted into a series 
of test tubes and made the volume to 1 ml with water. 
Four ml of anthrone reagent (0.27o in cone. H^SO,) was added 
to each tube and mixed well. The tubes were then kept in 
boiling water bath for 10 min. After cooling them to room 
temperature, O.D. was taken at 620 nm using a solution 
containing 1 mj water and 4 m] reagent. The glycogen 
concentration was derived from the following equation -
Glycogen concentration = Standard Glucose Concentration 
_ _ X 
^620 °^ Glycogen Concentration 
E^2o of Glucose Concentration 
where E,2Q glycogen and E,2Q glucose is the O.D. of glycogen 
and glucose at 620 nm of the standard glucose concentration. 
E: Statistical analysis 
Data for all parameters were expressed as mean +^  
standard error. Statistical comparisons between experimental 
and control groups were made by student 't' test (Snedecor 
and Cochran, 1971) . 
F: Experimental protocol 
The following experiments were conducted on well 
acclimated fish under controlled laboratory conditions as 
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described earlier. 
Experiment I - Salinity tolerance of Clarias batrachus 
following abrupt transfer from tap water to various 
concentrations of artificial sea water. 
Groups of fish were transferred from tap water to 
glass aquaria (23 x 10 x 12 cm) containing various dilutions 
of sea water (SW) ranging from 107„ to lOOZ. The fish were 
fed on alternate days and the media replaced daily. Fish 
were observed daily and the mortality, if any, was recorded. 
Results are depicted in Table I. 
Experiment II - Salinity tolerance, plasma osmolarity and 
plasma Cortisol changes in preadaptations in sublethal 
concentrations of sea water. 
The upper salinity tolerance was determined after 
prior acclimation to sublethal salinities. In this 
experiment fish maintained in 10, 15, 25 and 30% SW were 
transferred to their next higher salinities. The fish were 
fed on alternate days and the media replaced daily. Fish 
were observed daily and mortality was recorded. After 14 
days, all the fish kept in different salinities were bled 
for the estimation of plasma osmolarity and plasma Cortisol. 
Results are depicted in Table II and Figs. 2 and 3. 
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Experiment III - Changes in plasma levels of Cortisol, 
glucose, osmolarity, liver and muscle glycogen profile 
during the osmotic adiustment in higher salinities. 
In this experiment, fish were maintained in 30% and 
35% SW and tapwater to serve as control. The fish in all the 
three groups were subjected periodically to handling to 
eliminate stress factor during sampling. Five fish from each 
group were sampled at ^,3, 8, 24 hours and 4, 8 and 14 days 
post transfer. The blood was collected from the caudal 
artery as described earlier and the plasma thus collected 
was utilized for the estimation of plasma glucose, 
osmolarity and Cortisol levels according to the methods 
outlined earlier. A small piece of muscle was excised from 
just beneath the caudal fin and liver was dissected out to 
estimate glycogen content in these tissues. The data is 
presented in Figs. 4, 5, 6 and 7. 
OBSERVATIONS 
Experiment I - Salinity tolerance of fish C. batrachus 
following abrupt transfer from tap water to various 
concentrations of artificial sea water. 
Mortality was not observed in fishes transferred 
directly to 10, 20 and 30% SW even up to 7 days when the 
experiment was terminated (Table 1). However, in 35% SW, 
more than half of fishes died within 72 hrs., mortality 
being heaviest during the last 24 hrs. The remaining fish 
died by 7 days. Mortality at higher concentrations (40, 50, 
65 and 100% SW) was so swift and complete that no fish 
survived beyond the fist 24 hrs. (Table I). 
Upon transfer to lethal salinities, the fish 
became sluggish and settled at the bottom of the acquarium. 
After a few spasmodic excursions to the surface of water, 
the fish lost balance and became unresponsive to tactile 
stimuli. Death, indicated by cessation of opercul ar movements 
and heart beat, followed soon. The dead fish as well as 
survivors at the end of the experiment were autopsied and 
the gut examined. There was no evidence of the fish having 
swallowed significant quantity of water in any of the 
groups. 
Experiment 2 - Salinity tolerance, plasma osmolarity and 
plasma Cortisol changes in catfish C. batrachus following 
preadaptation in sublethal concentrations of sea water. 
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No mortality was observed even after 14 days in 30, 
25 and 15% SW in which the fish were transferred from 25, 15 
and 107o SW respectively after acclimation for 7 days in each 
salinity (Table ID. However, in the 35% SW, that received 
the fish from 30% SW, after acclimation for 7 days, 14% 
mortality was observed for 3rd, 9th and 12th day following 
transfer. Within next two days, all the fish died in 35% SW, 
the mortality being heaviest on 13th day. 
Plasma osmolarity: 
In 15% SW, there was no appreciable change in plasma 
osmolarity even after 14 days (Fig. 2). However in the group 
of fish transferred to 25% SW, plasma osmolarity increased 
significantly (P<0.001) over the tap water control which got 
further accentuated in the fish transferred to 30% SW. 
Plasma Cortisol: 
A perusal of Fig. 3 reveals that the transfer of the 
fish to 15% SW resulted in a significant elevation (31% over 
the control) in the titres of plasma Cortisol. Interestingly, 
in still higher salinities, plasma Cortisol levels registered 
a gradual decline so much so that in 30% SW it became 
significantly lower than tap water control values (See 
Fig. 3). 
Experiment 3 - Changes in plasma levels of osmolarity, 
Cortisol , glucose and liver and muscle glycogen ^£ofjj_e 
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during osmotic adjustment of catfish C. batrachus in higher 
salinities. 
Plasma osmolarity: 
When the fish were transferred from tap water to 30 
and 357„ SW, the plasma osmolarity increased markedly within 
k hr. of transfer by 12 and 7% respectively over their 
respective tap water control s (Fig. 4A). In 307o SW, plasma 
osmolarity exhibited a steep rise up to 8 hrs., stabilizing 
thereafter at 24 hrs., becoming more or less constant from 8 
days to 14 days at the level of 333 mmol/kg. These levels 
are, however, still significantly higher than their tap 
water control (See Fig. 4A). 
Plasma Cortisol: 
Three hours post transfer of the fish to 30 and 357o 
SW resulted in an appreciable increase in plasma Cortisol 
levels in both the salinities, the increase being more 
marked and statistically highly significant (P<0.001) in 357o 
SW. However, an exposure up to 24 hrs. in the above 
salinities caused a further increase in Cortisol level in 
307„ SW but a significant decline in 357„ SW. A prolonged 
exposure up to 8 days brought about an altogether different 
response inasmuchas Cortisol levels in 307o SW group 
registered a significantly low values whereas 357o SW showed 
much elevated titres (See Fig. 4B). 
:22: 
Plasma glucose: 
It is evident from Fig. 5 that transfer to higher 
salinities (30 and 357o SW) evoked a significant increase in 
plasma glucose (P<0.025) within h hr. following transfer. 
The p]asma glucose levels in both the groups exhibited a 
transient decline by 3 hrs. during which the values became 
almost equivalent to tap water control. It was followed by 
yet another increase by 8 hrs. over the tap water control. 
Subsequent samples showed a gradual decline in the plasma 
glucose levels and the parity with the tap water control was 
achieved by about 8 days (See Fig. 5). 
Liver glycogen: 
Transfer of fish to 30 & 357o SW resulted in a 
significant increase in liver glycogen content by ^ hour 
post transfer. In 30% SW, there was a steady decline so much 
so that up until 24 hours, the levels became significantly 
lower than tap water controls (P <0.025) which was followed 
by an upward trend. On the contrary, in 35% SW, liver 
glycogen showed an increasing trend except at 3 hours upto 
24 hours followed by a decrease by 4 day and the parity with 
tap water control is reached by 14th day when the last 
sample was taken (See Fig. 6). 
Muscle glycogen: 
Muscle glycogen contents of the fishes maintained in 
30 & 357o SW showed a significant increase (P <0.050) by 
:23 
eight hours post transfer, remained elevated upto 24 hours 
and became more or less constant from 4 days onward 
(Fig. 7). 
TABLE - I: MORTALITY RATES FOLLOWING ABRUPT TRANSFER OF 
FRESHV>/ATER TELEOST, C. BATRACHUS TO VARIOUS 
Medium 
(7oSW) 
100 
65 
50 
40 
35 
30 , 
25 
15 
10 
CONCENTRATIONS OF ARTIFICIAL 
Osmolarity 
(mmol/kg) 
997 
667 
493 
394 
320 
298 
265 
132 
90 
No. of 
fish 
7 
7 
7 
7 
7 
7 
7 
7 
7 
Per 
24 hr. 
100 
100 
100 
100 
0 
0 
0 
0 
0 
SEA WATER 
cent mortal 
48 hr. 
-
-
-
-
14 
0 
0 
0 
0 
(SW). 
ity at 
72 hr. 
-
-
-
-
42 
0 
0 
0 
0 
7 days 
-
-
-
-
44 
0 
0 
0 
0 
TABLE - II: MORTALITY RATES FOLLOWING GRADUAL TRANSFER OF 
FRESHWATER TELEOST, C. BATRACHUS TO VARIOUS 
CONCENTRATIONS OF SEA WATER (SW) 
Medium Osmolarity No. of Per cent mortality at 
(SW) (mmol/kg) fish 3 9 12 13 14 days 
357o 36f^  7 14 14 14 44 14 
(Transferred 
from 307o 
after 7 days) 
307e 320 7 0 0 0 0 0 
(Transferred 
from 257o 
after 7 days) 
257o 291 7 0 0 0 0 0 
(Transferred 
from 157o 
after 7 days) 
157o 136 7 0 0 0 0 0 
(Transferred 
from 107o 
after 7 days) 
Fig. 1: Standard curve for estimation of plasma levels 
of Cortisol by radioimmunoassay. ^/^n ^^ P^^ 
cent relative binding. 
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Fig. 2: Changes in plasma osmolarity in C. batrachus 
following transfer to various concentrations of 
seawater (SW). 
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Fig. 4: (A) Changes in plasma Cortisol in C. batrachus 
at 3 hr, 6 hr and 8 days following transfer 
to 30% and 35% seawater (SW). 
(B) The time course response of plasma 
osmolarity in C. batrachus following 
transfer from tapwater to 30% and 35% 
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Fig. 5: The time course changes in plasma glucose 
concentration in C. batrachus following 
transfer from freshwater to 307o and 35% 
seawater (SW). The number of fish at each point 
is five. 
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Fig. 7: The time' course changes in muscle glycogen 
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DISCUSSION 
Literature abounds with large number of studies to 
establish that osmotically more conservative teleost fish, 
rightly termed as stenohaline, can withstand upper salinity 
tolerance almost close to their body fluid osmolarity. This 
is amply demonstrated in channel catfish, Ictalurus 
punctatus having upper salinity tolerance limit upto 12 g/1 
(34% SW) (Allen and Avault, 1969; Stickney and Simco, 1971; 
Perry, 1973), Clarias 1azera up to approximately 26% SW 
(Clay, 1971; Chervinski, 1983) and the Indian catfish, 
Heteropneustes fossil is at 357o SW (Parwez et^ aj_, 1979). 
However, the common carp, Cyprinus carpio seems to display 
the highest tolerance up to 1.5% (Hegab and Hanke, 1982). 
Hence, the present observation on the air-breathing teleost, 
Clarias batrachus clearly establishes that it is a 
stenohaline fish whose upper limit of tolerance up to 30% SW 
is in good agreement with what has already been documented 
in the literature for other stenohaline teleost. 
It has been seen in certain cases that preadapta-
tion in sublethal salinities often enhances the upper 
tolerance limit of the fish. However, only a marginal change 
has been observed in the present study in asmuchas 
following abrupt transfer of C. batrachus, its tolerance up 
to 35% gets enhanced from 7 days to 14 days. Similar absence 
of the effects of prior acclimation on survival in higher 
:25: 
salinities has also been reported for the channel catfish 
(Allen and Avault, 1969; Stickney and Simco, 1971; Perry, 
1973; Norton and Davis, 1977) and young catfish, Clarias 
lazera (Chervinski, 1983) and the Indian catfish, ti. 
fossi] is (Parwez et aj_, 1979). In contrast, the mature cat-
fish, C]arias lazera, with pre-acclimatization, can survive 
up to 20 ppt. salinity (51.3% SW) (Clay, 1977). 
A perusal of results reveals that C. batrachus 
actively osmoregul ates in the salinities up to 157o SW. The 
studies of Abo Hegab and Hanke (1986) also demonstrate that 
there is approximately 10% increase in plasma osmolarity in 
carp, Cyprinus carpio following its transfer to 1.5% salt 
water. However in Ictalurus punctatus active osmoregulation 
is evident until the ion concentration of the medium exceeds 
that of the plasma osmolarity of normal freshwater fish 
(Norton and Davis, 1977). The increase in plasma osmolarity 
in 30 and 35% SW in C. batrachus showed that the survival of this 
fish in salinies higher than 15% SW is due to passive tissue 
tolerance. This is in contrast to the euryhaline fishes, 
such as flounder, salmon and eel, which upon transfer even 
up to 100% SW remain hypoosmotic to the medium (Bentley, 
1971). 
Transfer of the most euryhaline fishes to SW is 
accompanied by a series of physiology events demarcated into 
an adaptive (Houston, 1959) and a regulative phase. During 
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the adaptive phase, there Is an abrupt increase in plasma 
osmolarity, electrolyte concentration, water content, sodium 
and chloride space and muscle electrolyte concentration. 
This is followed by a chronic regulative phase during which 
various parameters return to normal levels and are 
established at a steady state (Holmes and Donaldson, 1969; 
Holmes and Lockwood, 1970). In the present investigation, 
the significant Increase in plasma osmolarity within 8 hours 
following transfer to 30 and 35% SW suggests that this fish 
does enter into initial adaptive or adjustive phase. Similar 
type of adjustive phase was also evident in Salmo gairdneri 
(Houston, 1959) and in Heteropneustes fossilis (Goswami et^  
al, 1983). In C. batrachus, the adjustive phase leads to the 
enhancement of plasma osmolarity to the tune of 117o in 307o 
SW which is close to what has been observed in carp 
(Abo-Hegab and Hanke, 1982). However, the persistently high 
plasma osmolarity values in 307o and 357o SW suggest the lack 
of a regulative phase. A similar lack of regulative phase, 
though in reverse direction, has been reported in the barred 
surfperch, Amphistichus argenteus, a marine stenohaline 
teleost, which shows a continuous decline in plasma 
osmolarity and plasma sodium and chloride concentrations 
when transferred from 1007o SW to dilute SW (Holmes and 
Lockwood, 1970). 
The hormones affecting hydromineral balance in 
teleosts can be tentatively classified into two categories, 
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fast- and slow - acting hormones. Fast or rapidly - acting 
hormones include epinephrine, neurohypophysial hormones, 
angiotensin, urotensins and the atrial natriuretic peptide. 
They are known to affect ion - pumps as well as ion and 
water permeability and may be involved in "fine adjustment" 
in response to rapid changes in the external or internal 
environment. In contrast, the slow - acting hormones such as 
prolactin and Cortisol take from few to several days to 
rectify the major osmoregulatory dysfunctions by bringing 
about the integration in the functions of osmoregulatory 
organs to achieve whole animal osmoregulation. These 
hormones, because of their enormous importance, have been 
studied extensively. 
Cortisol, the focus of present study, because of 
its preeminence, is virtually the only corticosteroid that 
has received any significant attention in physiological 
studies of teleosts. it is the dominant hormone, regulating 
hydromineral balance of teleost fishes in seawater (Utida et^  
al^ , 1972). Much of the evidence supporting a biological role 
of Cortisol has come from the observations of its plasma 
dynamics during critical periods of environmental challenge 
(Henderson and Garland, 1980; Schreck, 1981). Transfer of 
teleost fishes to seawater evokes an initial sharp increase 
in plasma Cortisol levels in the fully adapted fish (Hirano, 
1969; Ball et a^, 1971; Hirano and Utida, 1971; Forrest et _a]^ , 
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1973; Porthe'-NibeJ]e and Lahlou, 1974; Assem and Hanke, 
1979a, 1981; Abo Hegab and Hanke, 1984). The initial 
Cortisol 'puJse' could be explained by the purporated role of 
this hormone in restoring stress-related osmoregulatory 
dysfunctions. This includes initiation of a series of 
intracellular modifications which stimulate Na /K -ATPase 
activities in gills, intestine and kidney (Pickford et al, 
1970; Epstein et^ a]^, 1971). In the present study, a marked 
increase in plasma Cortisol within three hours of 
exposure to 30 and 35% SW has been observed and the levels 
seem to be clearly dependent on the external salinity. The 
results are consistent with the studies done by Hirano 
(1969) on Japanese eel, Anguilla iaponica where a rapid 
surge for Cortisol was found within 2 hrs. following 
transfer to seawater. Forrest et a]_ (1973) also found a 
rapid increase in plasma Cortisol titres within 24 hrs post 
transfer to SW. In the present study the transient increase 
in plasma Cortisol levels is followed by significant 
reduction both in 307c, and 357o SW resulting in the levels 
declining much lower than the freshwater controls which at 
first glance appears a bit puzzling. However, these lowered 
piasma Cortisol concentrations may probably not be due to 
its reduced production but rather due to the enhanced 
utilization and clearance (Hirano et^ £l_5 1976). A comparable 
decline in plasma Cortisol levels has also been observed in 
the Indian catfish, H. fossil is following the transfer of 
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the fish to higher salinities (Goswami et a]_, 1983. Quite 
surprisingly, there was again a slight elevation in 357o 
after 8 days post-transfer which may probably be due to the 
increased osmotic load faced by the fish as is evidence by 
the continuous increase of plasma osmolarity. 
Whether this transitory increase in plasma Cortisol 
level is important for the adaptation processes to higher 
salinities or merely a non-specific response to meet changed 
metabolic requirements has been the subject of unresolved 
debate (Hirano and Utida, 1971; Assem and Hanke, 1979a, 
1981). Although non-specific response of Cortisol is not 
unequivocally established, Cortisol is generally regarded as 
a hormone having an effect on carbohydrate metabolism to 
maintain homeostasis, especially during such metabolic 
stresses as starvation, salinity changes, spawning and 
during stress itself (Selye, 1950), thereby ensuring the 
supply of energy and glucose. There is a general consensus 
on the hyperglycemic effect of Cortisol in stressed and 
hypophysectomized fish (Butler, 1968; Chester Jones et^ al , 
1969; Swallow and Fleming, 1970; Miller and Hanke, 1974; 
Inui and Yokote, 1975; Chan and Woo, 1978; Leach and Taylor, 
1982). 
The present study, corroborating the earlier studies 
(Assem and Hanke, 1979a; Leach and Taylor, 1980 and Hegab 
and Hanke, 1986), points rather to non-specific effects of 
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Cortisol , a presumption substantiated by a significant 
augmentation of glucose within 8 hours of transfer to SW. 
Interestingly, the plasma glucose elevation has also been found 
synchronous with the Cortisol response, though with a small 
lag period. Therefore, the increase in Cortisol and glucose 
appears linked and it is tempting to suggest that Cortisol 
stimulates the glucose elevation (Hegab and Hanke, 1984). 
Since the acclimation to different external salinity 
concentrations entails high energy demand for electrolyte 
shifts and other transport phenomena (Assem and Hanke, 
1979a,b; Abo Hegab and Hanke, 1982), the increase in plasma 
glucose may be attributed to fulfill increasing demand of 
easily oxidizable substrate. Alternately, the increase in 
osmotic pressure of the blood due to glucose, though minor, 
is osmotically advantageous during SW adaptation since it 
lowers osmotic gradient that favours dehydration. The above 
hypothesis is also suitably corroborated by our observations 
on C. batrachus in which the glucose levels reach the 
baseline when the fish are well adjusted to new salinity and 
the consequent metabolic demands decrease. 
Glycogen changes are found to vary considerably with 
Cortisol titres in plasma (Woodhead, 1975; Murat et al, 
1981). Cortisol may have anabolic (Swallow and Fleming, 
1970; Chan and Woo, 1978; De La Higuera and Cardenas, 1986), 
catabolic (Barton et al, 1987) or no effect at all (Muller 
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and Hanke, 1974; Leatherland, 1987). The data in our study 
reveals the catabolic effects of Cortisol to be more 
pronounced. Here, the increase in the plasma Cortisol 
results in a concomitant decrease in liver glycogen and vice 
versa. The increase in liver glycogen may be due to enhanced 
conversion rate of extra glucose produced either by a simple 
process of glucogenesis or through gluconeogenesis 
(Lewander, 1976; EppJe and Lavis, 1977). On the contrary, 
the decline in liver glycogen may be (a) due to greater rate 
of glycogenolysis5 an important process during acclimation 
to stress stimuli (Gupta and Hanke, 1982a) or (b) by 
enhancement of export of glycogen from liver to other 
peripheral tissues brought about by Cortisol (Vijayan et^  al , 
1991). It is well established that glucose serves as an 
oxidisable source to provide ready energy required for 
metabolic processes during acclimation process in higher 
salinities. However, a universally acceptable source to 
provide high titres of glucose is not always clear. It is 
generally assumed that liver glycogen source contributes to 
much needed hyperglycemia during stressful conditions such 
as adaptation in higher salinities. However if such 
relationship does exist, transfer of the fish should result 
not only in high glucose levels but it should logically be 
followed by concomitant decline in liver glycogen content if 
the rate of glycogenesis is not exceptionally augmented. The 
:32: 
results of the present study on C. batrachus clearly show a 
significant increase in plasma glucose levels from 8 to 24 
hours beyond which the levels are more of less stabilized. 
As for the possible source of this hyperglycemia, a clear 
decline in liver ' glycogen levels are observed in the 
fish maintained in 30% SW thus showing an excellent 
causative relationship. However, the profile of liver 
glycogen in the fishes maintained at 35% SW is quite reverse 
and shows enhanced levels of liver glycogen. Since 35% SW 
causes much greater osmotic stress in the C. batrachus, the 
lone carbohydrate source for increased glucose level may 
prove inadequate. Hence an enhanced glucose either via 
peripheral protein catabolism or indirectly via inhibition 
of protein synthesis may provide free amino acids to be 
utilized a precursor for gluconeogenesis (Lidman £t al , 
1979; Murat et^  aj_, 1981). This may provide sparing action on 
liver glycogen which may even be enhanced as observed in 35% 
SW due to conversion of extra glucose. However, it must be 
conceded that this attractive possibility needs to be 
experimentally verified. The significance of an appreciable 
increase in muscle glycogen corresponding to simultaneous 
increase in blood glucose profile between 8 to 24 hours in 
C. batrachus both in 30 and 35% SW is not clearly understood 
at the moment. 
In conclusion, the present study on air-breathing 
teleost, C. batrachus has unequivocally established that it 
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is a stenohaline fish with the upper salinity tolerance 
limit up to 307o SW (298 mmol/kg) which gets only marginally 
elevated upon its acclimation in sublethal salinities. The 
study has also shown that this fish actively osmoregulates 
upto 15% (132 mmol/kg) beyond which its survival upto its 
upper salinity limit is merely by passive tissue tolerance. 
This fish, unlike other teleost, lacks bimodal regulatory 
and adaptive phases. However, like other teleosts, in C. 
batrachus SW exposure also results in a rapid surge of 
Cortisol which affords a potential endocrine mechanism in 
itself to enable integration of metabolic and osmoregulatory 
status so as to maintain homeostasis in hyperosmotic media. 
The major consequences of this integration are manifested as 
hyperglycemia together with stimulated gluco- and/or 
gluoneogenesis in liver. 
While the present study has significantly 
contributed to our basic understanding of the divergent 
osmoregulatary mechanism in teleost, it has also opened up 
new vistas for further investigations to seek answers to 
unresolved questions. For instance, it will be quite 
worthwhile to test the hypothesis that a transient surge of 
Cortisol is sufficient for osmoregulation in SW and hence it 
is necessary to conduct similar experiments on 
hypophysectomized as well as interrenalectomized fishes. In 
order to get the better understanding of the endocrine 
regulation of fish metabolism, detailed studies are 
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warranted to unravel the site(s) and mechanism of hormonal 
action. Further, the enzymatic control of carbohydrate 
metabolism during seawater adaptation, to provide a deep 
insight in the regulatory mechanisms involved needs further 
investigations. 
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